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ABSTRACT 


A semiconductor memory device comprises a plurality 
of memory cell array blocks. An address changing sys- 
tem is provided in each memory cell array block. The 
same address signal is applied to these address changing 
systems. Each address changing system comprises a 
plurality of linking devices. By previously blowing out 
any of the linking devices in each address changing 
system, an externally applied address signal is changed 
with another address signal to be applied to a corre- 
sponding memory cell array block. . 

9 Claims, 11 Drawing Sheets 
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FIG. 2 
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FIG. 6 
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check bit generating circuit 5 generates a set of check 

AUTOMATED ERROR DETECTION FOR bits of new k bits based on the inputted set of data bits 

MULTIPLE BLOCK MEMORY ARRAY CHIP AND of m bits in accordance with the structure of the error 

CORRECTION THEREOF check and correction code. The check bits generated 

5 from the read check bit generating circuit 5 in this man* 

BACKGROUND OF THE INVENTION ner are called read check bits. The syndrome generating 

1. Field of the Invention circuit 6 carries out exclusive OR operation for the 
The invention relates generally to error detection and write check bits read from the check bit region 4 and for 

correction circuitry for semiconductor memory de- the read check bits generated from the read check bit 

vices, and more particularly, to automated, on-chip 10 generating circuit 5, bit by bit The result of the exclu- 

error detection for semiconductor chips containing sive OR operation is called a syndrome. The syndrome 

multiple block memory arrays and correction thereof. is a data train consisted by k bits, comprising informa- 

2. Description of the Prior Art don indicating the location of the error bit When all 
Recently, soft errors become a problem in a semicon- bits of the syndrome are **0", that is, when the write 

ductor memory device, wherein the information stored 15 check bits and the read check bits coincide with each 
in a memory cell changes erroneously due to the en- other, it is determined that there is no error and other- 
trance of a particles. The a particles are generated from wise, it is determined that there is an error, 
radioactive materials included in the package material The syndrome having k bits generated from the syn- 
and the' like. In order to solve the problem, an error drome generating circuit 6. is applied to- the syndrome 
check and correction (hereinafter referred to as ECC) 20 decoder 7. The syndrome decoder 7 generates a code of 
function is provided on or external to the semiconduc- (m+k) bits which designates the error bit out of the set 
tor memory device, whereby errors in information 4uc 0 f data bits having m bits and the set of write check bits 
to the soft errors are corrected, Consequently, the reli- having k bits by decoding the syndrome of k bits. More 
abdity of the semiconductor memory device can be specifically, it outputs a code in which only the position 
enhanced. " corresponding to the error bit becomes "1" and other 

The sennconductor memory device having the ECC positions become "0" in the (m+k) bits. The data cor- 
function wfll be described m the following. FIG. 1 rection circuit 8 mverts ^ fhmim corrects one or a 
shows a structure of one example of a convenUonal ^ of error bits from ^ ^ bits ^ ^ check 
semiconductor memory device having the ECC rune- * ^ from ^ ^ w T ^ Qn 3 ^ from ^ chcck 
Uoil The semiconductor memory device comprises a 30 accordance JSt the (m+k) bit code. In 

write check bit generating circuit 1, a memory cell * "V ' !* , /L e ^ V 

array 2, a read check bit generating circuit 5, a syn- ^^^m^ 11 ° f ^ 

drome generating circuit 6, a syndrome decoder 7 and a I s ^ected. The ««* corrected (m+k) bits are written 
data correction circuit 8. The memory cell array 2 com- m f*™^ m ^ memor y °f ***** \ , 

prisesadatamtregion2mwMchapluralitysetsofdata 35 Actually, the ECC circuit system such as described 
bits are stored and a check bit region 3 in which the ■■ bove 15 P^vided on the memory chip or out of the 
corresponding plurality sets of check bits are stored memory chip and the correction of errors due to the 
Each set of data bits comprises m bits and each set of erTor * out b V EC( ? Clicmt system In 

check bits comprises k bits. Here, m is, for example, 16 a semiconductor memory device having such ECC 
and k is, for example, 6. Data bits and check bits are 40 cAxcait system, not only the above described soft errors 
respectively inputted/outputted in parallel to and from but ^ errors can be corrected. The hard error is 
the data bit region 3 and the check bit region 4 in accor- a defect generated in manufacturing the memory chip 
dance with an address signal. ~ and is a fixed error. The memory chip having a defect 

The ECC function in the semiconductor memory which corrected by the above mentioned ECC 

device of FIG. 1 is generally effected in the following 45 circuit system may be regarded as a sound chip. There- 
manner. In writing data, the write check bit generating f° re » by substantially repairing hard errors generated in 
circuit 1 generates a check bit having k bits based on a manufacturing the memory chip by the ECC circuit 
set of data bits having m bits in accordance with the system, especially on chip ECC, the production yield 
structure of the error check and correction code. The can be enhanced. 

check bits generated by the write check bit generating 50 Now, the error check and correction code is capable 
circuit 1 in this manner are called write check bits. The of detecting an error if the number of error bits included 
data bits and the write check bits are written in the data in a unit of the above mentioned ECC code word (con- 
bit region 3 and the check bit region 4 of the memory sisted by a set of data bits of m bits and a set of check 
cell array 2, respectively. A block of (m+k) bits con- bits of k bits in the above example) is p or less than p bits 
sisting of a set of the data bits of m bits and a set of the 55 and it is capable of correcting an error if the number is 
check bits of k bits is called a ECC code word or simply 9 or less than q bits, where p > q. Such error check and 
an ECC word. The ECC code word is a unit in the correction code is called a q bit error, detection— p Dit 
error check and correction. Namely, the error check error correction code. Usually, a double error correc- 
and correction are carried out for every ECC code tion —triple error detection (DEC-TED) code, single 
word. 60 error correction— double error detection (SEC-DED) 

In reading data, a set of data bits of m bits and the code, and the like are used. In the following, description 
corresponding set of write check bits of k bits are simul- will be given of a case in which a defect (hard error) of 
taneously read from the data bit region 3 and the check a memory cell is repaired, that is, corrected, by employ- 
bit region 4, respectively, based on an address signal ing the SEC-DED code, in order to simplify the de- 
The data bit is inputted to the read check bit generating 65 scription. 

circuit 5 and to the data correction circuit 8. The write FIG. 2 shows the state of the bits selected by the 
check bits are inputted to the syndrome generating address signals Adl, Ad2 and Ad3, respectively. In 
circuit 6 and to the data correction circuit 8. The read FIG. 2, DB0 to DB7 denote data bits and CB0 to CB3 
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denote check bits. In this case, m— 8 and k=4. More 
specifically, 12 bit data are simultaneously inputted or 
outputted in parallel in accordance with the inputted 
address signals Adl, Ad2 and Ad3, respectively. The 12 
bits corresponding to each of the address signals consti- 5 
tute an ECC code word If an error of 1 bit exists in the 
ECC code word, the error can be corrected. In FIG. 2, 
a circle denotes a normal bit while x denotes a defective 
bit When there is 1 bit error or no bit error in the 12 bits 
selected by each of the address signal, as shown in FIG. 10 
2, the error can be corrected by the SEC-DED code. 
The semiconductor memory device including such de- 
fective bit can be regarded as a sound device provided 
that it comprises the ECC function employing the SEC- 
DED code. 15 

Next, description will be given of a case in which the 
defective bits are distributed as shown in FIG. 3. Refer- 
ring to FIG. 3, two defective bits are included in the 12 
bits selected by the address signal Adl. These two de- 
fective bits can not be corrected by the ECC function 
employing the SEC-DED code. Therefore, although 
there are no defective bits included in the respective 12 
bits selected by other address signals Ad2 and Ad3, 
there is an error which can not be corrected when 
viewed as a whole. Therefore, the memory chip includ- 
ing such defective bits is regarded as a defective one. 

As described above, not the number of the defective 
bits in the memory cell array but the distribution of the 
defective bits has a large influence of the lowering of ^ 
the production yield. For example, when parallel data 
of 12 bits are inputted or outputted, the memory cell 
array is usually divided into a plurality of blocks in 
some way or another and data of one or a plurality of 
bits are inputted or outputted to or from each block. A 35 
common address signal (a row address signal and a 
column address signal) is inputted to these blocks. The 
address signal is decoded by a decoder, whereby the 
memory cell corresponding to the address signal is 
selected. In FIG. 4, the memory cell array is divided ^ 
into three blocks 2a, 2b and 2c. 4 bits of a set of data bits 
are stored in the block 2a, another 4 bits of a set of data 
bits are stored in the block 2b and a set of check bits 
having 4 bits is stored in the block 2c. 

Since a conventional semiconductor memory device 45 
having the ECC function is structured as described 
above, the production yield may be significantly lower 
dependent on the distribution of the defective bits (ad- 
dress position) even if the total number of the defective 
bits is small. 50 

In IBM' Technical Disclosure Bulletin Vol. 26, No. 6, 
Nov. 1983, pp. 2747-2748, a following description is 
disclosed: 

"In the design of fault tolerant memory using fault 
alignment exclusion-inclusion techniques, if a chip with 55 
a bit line fail aligns with another chip with a word line 
fail, then the memory produces a memory word with a 
2-bit error. If the memory is equipped with SEC/DED 
code, then through address translation these two chips 
are misaligned so that the memory word in the recon- 60 
figured memory has only a 1-bit error. Such a reconfig- 
uration using address translation alone limits the num- 
ber of bit line, word line and cell fails which can be 
dispersed." 

To our knowledge, however, the above described 65 
technique is not suitable for automated testing of multi - 
pleJrtocT memory array or a sing le chip and according 
to such technique, it is virtually impossible to imple- 


ment an external program such as a laser melting pro- 
gram. 

SUMMARY OF THE INVENTION 

One object of the invention is to provide improved 
error detection and correction for semiconductor mem- 
ory devices. 

Another object of the invention is to provide error 
detection and correction for semiconductor memory 
devices forming multiple block memory arrays. 

Another object is to provide error detection and 
correction for semiconductor memories forming multi- 
ple block memory arrays on a common chip. 

A further object of the invention is to provide a 
method of and system for automated, on-chip error 
detection for multiple block, single-chip semiconductor 
memory arrays and correction of errors. 

A still further object of the invention is to provide a 
method of and system for automated, on-chip error 
detection for multiple block, single-chip semiconductor 
memory arrays wherein an external source of energy is 
used to carry out error correction by melting particular 
fuses formed with the memory array on the same chip. 
' In order to attain the above described objects, the 
semiconductor memory device in accordance with the 
present invention comprises: a semiconductor chip, a 
plurality of memory cell array blocks formed on the 
chip, a plurality of selecting means formed on the chip 
and corresponding with the plurality of memory cell 
array blocks, error check and correction means formed 
on the chip, and a plurality of address signal changing 
means formed on the chip and corresponding with each 
of the plurality of memory cell array blocks. Each of 
the memory cell array blocks comprises a plurality of 
memory cells. The selecting means selects any of the 
plurality of memory cells in the corresponding memory 
array block in response to an externally applied address 
signal. The memory cell array blocks are arranged to- 
gether to store data words. The error check and correc- 
tion means checks and corrects errors included in infor- 
mation stored in a plurality of memory cells which are 
simultaneously selected by the plurality of selecting 
means. The number of the errors correctable by the 
error check and correction means within a word is less 
than a prescribed number. Each of the address signal 
changing means includes link means and can be previ- 
ously set by cutting any of the link means to change the 
externally applied address signal so that the number of 
errors within a word becomes less than the prescribed 
number. 

In accordance with another aspect of the present 
invention, there is provided ^ a system for automated, 
on-chip error detection for semiconductor chips con- 
taining multiple block memory arrays and correction 
thereof. The system comprises a semiconductor mem- 
ory device, determining means, and control means. The 
semiconductor memory device comprises a semicon- 
ductor chip, aplurality of memory cell array blocks, a 
plurality of selecting means lormed on the chip and 
corresponding with the plurality of memory cell array 
blocks, error check and correction means f ormed on the 
chip, and a plurality of address signal changing means 
formed on the chip and corresponding with each of the 
plurality of memory cell array blocks. Each of memory 
cell array blocks comprises a plurality of memory cells. 
The selecting means selects any of the plurality of mem- 
ory cells in the corresponding memory array block in 
response to an externally applied address signal. The 
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memory cell array blocks are arranged together to store FIG. 12 shows a system for automated error detec- 
data words. The error check and correction means tion and correction of the semiconductor memory de- 
checks and corrects errors included in information vice of FIG. 5; 

stored m a plurality of memory cells which are simulta- FIG. 12A shows the laser beam impinging on a link . 

neously selected by the plurality of selecting means. 5 device of the semiconductor chip of FIG. 12. 

The number of the errors correctable, by the error FIG. 13 is a flow chart for explaining an operation of 

check and correction means within a word is less than a the system of FIG. 12. 

prescribed number,. The a ddress signal changing means ^nno*™^, ^„ ^ TT ^ 

Liudes meltab^h nks. fl- deterge SZZT- DESCRIPTTON OF TffiPREFERRED 

mines whether a number o f defective memory cells 10 HMUUUiM±iXN 

within a word is equal to or greater than the prescribed Embodiments of the present invention will be herein- 

number. The rantr^ nr^n^ responsive to the deter- after described with reference to the figures. FIG. 5 

ruining means for generating control signal to control shows a structure of a semiconductor memory device 

energy from an external energy source to melt any of having a defect repairing function in accordance with 

the links to change the externally applied address signal. IS one embodiment of the present invention. 

In the semiconductor memory device in accordance The memory cell array is divided into three blocks 

with the present invention, wh en there are defective 2a, 2b and 2c. Blocks 2a and 2b are used as the data bit 

memory cells, the number of wnich is larger than the region and the block 2c is used as a check bit region, 

number correctable by a prescribed error check and Address changing system 10a, 10* and 10c are respec- 

correction functio n in a plurality of memory cells which 20 tively provided in the blocks 2a, 2b and 2c. Common 

are simultaneously selected by a plurality of selecting address signals Al to Ai are applied to the address 

means in response to an address signal, the address posi - changing systems 10a, 10a and 10c through an address 

tion of the d efective memory cells can be changed so buffer 11. The address changing system 10a applies 

that the number of defective memory cells in the simul- address signals All to Ail to the block 2a in response to 

taneously selected plurality of memory cells does not 23 address signals Al to AL The address changing system 

exceed the correctable number. 10a applies address signals A 12 to Ai2 to the block 2b in 

These objects and other objects, features, aspects and response to the address signals Al to AL The address 

advantages of the present invention will become more changing system 10c applies address signals A13 to Ai3 

apparent from the following detailed description of the to the block 2c in response to the address signals Al to 

present invention when taken in conjunction with the 30 Ai. The semiconductor memory device comprises, as is 

accompanying drawings. the same as the conventional semiconductor memory 

BRIEF DESCRIPTION OF THE DRAWINGS ^ f° Wn * *? G : *• * ^ bit 

circuit 1, a read check bit generating circuit 5, a syn- 

FIG. 1 is a block diagram for illustrating the structure drome generating circuit 6, a syndrome decoder 7 and a 

of a conventional semiconductor memory device hav- 35 data correcting circuit 8. The portions shown in FIG. 5 

ing an ECC function; are formed on the same chip 30. 

FIG. 2 shows the state of bits respectively selected by In writing data, mi bits out of the m bits of the data 

three address signals, showing three sets of bits each bits are written in that region in the block 2a which is 

comprising one defective bit; designated by the address signals All to Ail and re- 

FIG. 3 shows the state of bits respectively selected by 40 rnaining m2 bits out of the m bits of data bits are written 

three address signals, showing a set of bits comprising in that region of the block 2b which is designated by the 

two defective bits and two sets of bits comprising no address signals A12 to AiZ At the same time, the data 

defective bits; bits comprising the m bits are applied to the write check 

FIG. 4 shows a structure of a memory cell array in a bit generating circuit 1. The write check bit generating 

conventional semiconductor memory device having the 43 circuit 1 generates check bits comprising k bits based on 

ECC function; the data bits comprising the m bits in accordance with 

FIG. 5 is a block diagram showing the structure of a the structure of lie error check and correction code, 

semiconductor memory device having a defec t repair- The check bits comprising k bits generated in this man- 

ing function in accordance w ith one embodiment of the ner is written in that region of the block 2c which is 

present invention; ~" 50 designated by the address signals A13 to Ai3 as write 

FIG. 6 shows a structure of a memory cell array check bits, 

block included in the semiconductor memory device of In the data reading, the data bits of mi bits read in 

FIG. 5; accordance with the address signals All to Ail and the 

FIG. 7 is a schematic diagram showing a structure of data bits of m2 bits read from the block 2b in accordance 

anaddreffi chflnpi^ifl 5yrtem inclnded in the sernicon- SS with the address signals A12 to Ai2 are applied to the 

ductor memory device of FIG. 5; read check bit generating circuit 5 and the data correc- 

FIG. 8 is a diagram for illustrating the operation of tion circuit 8. The write check bits comprising k bits 

the address changing system included in the semicon- read from the block 2c in accordance with the address 

ductor memory device of FIG. 5; signals A13 to Ai3 are applied to the syndrome generat- 

FIG. 9 shows the states of the two sets of bits respec- 60 ing circuit 6 and the data correction circuit 8. The read 

tively selected by two address signals, showing a set of check bit generating circuit 5 generates new check bits 

bits comprising two defective bits and a set of bits com- of k bits based on the data bits of mi bits and the data bits 

prising no defective bit; of m2 bits in accordance with the structure of the error 

FIG. 10 shows the distribution of the defective bits check and correction code. The syndrome generating 

included in FIG. 9 changed by the address changing 65 circuit 6 carries out the exclusive OR operation for the 

system; write check bits read from the block 2c and the read 

FIG. 11 is a schematic diagram showing another check bits generated from the read check bit generating 

structure of the address changing system; circuit 5, bit by bit The syndrome generating circuit 6 
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generates the result of the exclusive OR operation as a 
syndrome. The syndrome comprising k bits is applied to 
the syndrome decoder 7. The syndrome decoder 7 gen- 
erates a code of (m+k) bits designating the position of 
an error bit in the data bits of m bits and in the write 
check bits of k bits by decoding the syndrome compris- 
ing k bits. For example, it generates a code in which 
only the position corresponding to the error bit be- 
comes "1" and others become 4t 0" in the (m+k) bits. 


vice L are coupled in series between the supply poten- 
tial Vcc and the ground potential. A node Nl between 
the resistance 107 and the linking device L is connected 
to the gate of the transistor 106 and is connected to the 
gate of the transistor 105 through the inverter 104. The 
linking device L is formed of polycrystalline silicon, 
aluminum, or the like and is capable of being blown out 
by laser beam and the like. Address signals Al to Ai are 
applied to the plurality of input terminals 101, respec- 


The data correction circuit 8 inverts and therefore cor- 10 tively, and address signals All to Ail are respectively 

rects one or a plurality of error bits out of the data bits outputted from the plurality of output terminals 102. 

and the check bits read from the blocks 2a, 2b and 2c in In each changing circuit 100, when the linking device 

accordance with the code comprising (m+k) bits. The L is not cut, the potential at the node Nl becomes "L" 

(m+k) bits corrected in this manner are once again level. Therefore, the potential at a node N2 between the 

written in the original position in the blocks 2a, 2b and 15 inverter 104 and the transistor 105 becomes the "H" 

2c level. Therefore, the transistor 105 turns on and the 

The error check and correction in this embodiment is transistor 106 turns off. Consequently, the address sig- 

carried out in accordance with a known ECC code such nal applied to the input terminal 101 is directly output- 

as disclosed in "Error-Correcting Codes for Semicon- ted from the output terminal 102. More specifically, the 

ductor Memory Applications: A State of the Art Re- 20 condition Ail= Ai is satisfied. Meanwhile, when the 


view", by C. L. Chen and M. Y. Hsiao, IBM J. RES. 
DEVELOP, VOL. 28, NO. 2, Mar. 1980. 

FIG. 6 shows the structure of the block 2a shown in 
FIG. 5. The block 2a comprises a memory cell array 21, 
a row decoder 22, a column decoder 23, a row address 
buffer 24 and a column address buffer 25. The memory 
cell array 21 comprises a plurality of word lines, a plu- 
rality of bit line pairs arranged so as to cross the plural- 
ity of word lines and memory cells each provided at 


linking device L is cut by a laser beam or the like, the 
potential at the node Nl becomes "H" level and the 
potential at the node N2 becomes "L" level. Therefore, 
the transistor 105 turns off and the transistor 106 turns 
25 on. Consequently, the address signal applied to the 
input terminal 101 is inverted by the inverter 103 to be 
outputted from the output terminal 102. Namely, for 
example, the condition Ail=Ai is satisfied. In this man- 
ner, by blowing out some of the plurality of the linking 


each intersection of the word line and the bit line. In 30 devices L included in the address changing system 10a 


FIG. 6, only one word line WL, one set of bit line pair 
BL, BE and one memory cell MC provided at an inter- 
section of the word line WL and the bit line BL are 
shown. A plurality of word lines are connected to the 
row decoder 22. The plurality of bit line pairs are con- 
nected to the column decoder 23. The row address 
buffer 24 applies address signals Al to Ai applied from 
an address changing system 10a to a row decoder 22 as 
row address signals RA11 to RAil at a prescribed tim- 


in advance by a laser beam or the like, only these ad- 
dress signals which are applied to the input terminals 
101 corresponding to the linking devices L which are 
blown out are inverted and outputted, while other ad- 
35 dress signals are directly outputted. 

The structure of the address changing systems 106 
and 10c shown in FIG. 5 are completely the same as that 
of the address changing system 10a shown in FIG. 7. 
The defect repairing function in the semiconductor 
ing. The row address decoder 22 selects one from the 40 memory device of this embodiment will be described in 
plurality of word lines in response to the. row address the following with reference to FIGS. 8 to 10. 
signals RA11 to RAil. The column address buffer 25 Referring to FIG. 8, in the address changing systems 
applies address signals Al to Ai applied from the ad- 10a, 106 and 10c, when no linking device L is cut, the 
dress changing system 10a to the column decoder 23 as same address signals as the inputted address signals Al 
column address signals CA11 to CAil at a prescribed 45 to Ai are applied to the blocks 2a, 2b and 2c. When any 
timing. The column decoder 23 selects any of the plu- of the linking devices L included in each of the address 
rality of bit line pairs in response to the column address changing systems 10a, 106 and 10c is cut, the address 
signals CA11 to CAil. The reading or writing of data is changing systems 10a, 106 and 10c invert only that 
carried out to or from the memory cell at the intersec- address signal corresponding to the cut linking device L 
tion of the selected word line and the selected bit line. 50 to apply the same to the corresponding blocks 2a, 26 


The structures of the blocks 26 and 2c shown in FIG. 5 
are completely the same as that of block 2a shown in 
FIG. 6. 

FIG. 7 is a schematic diagram showing the structure 
of the address changing system 10a shown in FIG. 5. 
The address changing system 10a comprises a plurality 
of input terminals 101 and the corresponding plurality 
of output terminals 102. A changing circuit 100 is con- 
nected between each of the input terminals 101 and each 


and 2c. In each of the blocks 2a, 26 and 2c, four bits are 
selected respectively in response to the address signals 
applied from the address changing systems 10a, 106 and 
10c. In FIG. 9, two defective bits denoted by x are 
55 included in the 12 bits selected by the address signal 
Adl and no defective bit is included in the 12 bits se- 
lected by the address signal Ad2. In this case, the error 
correction can not be carried out by the SEC-DED 
code. Therefore, by previously blowing out the pre- 
of the corresponding output terminals 102. Each chang- 60 scribed linking device L included in the address chang- 
ing circuit 100 comprises inverters 103 and 104, N chan- ing system 10a by a laser beam or the like, the address 
nel MOS transistors 105 and 106, a resistance 107 and a signals Adl and Ad2 are changed with each other only 
linking device (a link element or a programmable link) for the four bits (DBO to DB3) corresponding to the 
L. The transistor 105 is connected between the input block 2a. Namely, the address changing system 10a is 
terminal 101 and the output terminal 102. The inverter 65 set previously such that it outputs the address signal 
103 and the transistor 106 are connected in series be- Ad2 when the address signal Adl is applied and it out- 
tween the input terminal 101 and the output terminal puts the address signal Adl when the address signal 
102. Meanwhile, the resistance 107 and the linking de- Ad2 is applied. Consequently, there is one defective bit 
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included in the 12 bits selected by the address signal 113. Namely, the condition Ail=Aj and Ajl=Ai are 

Adl and one defective bit in the 12 bits selected by the satisfied. 

address signal Adl Since such defective bits can be FIG. 12 shows a system for automated error detec- 
corrected respectively by the SEC-DED code, the tion and correction of the above described semiconduc- 
repair of defects in this semiconductor memory device S tor memory device. FIG. 13 is a flow chart for exp Iain- 
become possible. At this time, the address signals A12 to ing an operation of the system. It is assumed that the 
AJ2 outputted from the address changing system 106 are semiconductor memory device has the ECC function 
the same as the address signals Al to Ai, and the address employing the SED-DED code and the address chang- 
signals A13 to Ai3 outputted from the address changing ing circuit shown in FIG. 11. 

system 10c are also the same as the address signals Al to 10 Defective bits in the semiconductor chip 30 are de- 

Ai tec ted by a memory tester 31 in FIG. 12 (the step SI). 

Actually, often two defective bits are included only When two or more than two defective bits are not de- 

in the bits selected by the address signal Adl and no tec ted within any of the ECC code words (the step S2), 

defective bit is included in the bits selected by other the semiconductor chip 30 is regarded as a sound chip 

address signals. Therefore, in many cases, the change of IS (the step S3). When two defective bits are detected 

addresses for other address signals may be simulta- within any of the ECC code words (the step S4), an 

neously carried out with the replacing operation be* address corresponding to the ECC code word contain- 

tween the address signals Adl and Ad2. ing the two defective bits is stored in the memory tester 

As described above, when defective bits of two or 31 (the step S5). The memory tester 31 determines 

more than two bits are generated in the plurality of bits 20 whether the number of defective bits is equal to one or 

which are simultaneously selected by one address signal less than one within every ECC code word by replacing 

in manufacturing a memory chip, the address can be the address signal Ai with the address signal Aj and 

changed so that defective bits of two or more than 2 bits replacing the address signal Aj with the address signal 

do not exist in the plurality of bits selected by each Ai (the step S6). If the number of defective bits becomes 

address signal, by previously cutting a prescribed link- 25 equal to one or less than one by replacement of the 

ing device L in the address changing systems 10a, 106 address signals Ai and Aj, the link device LI in the 

and 10c address changing circuit in the semiconductor chip 30 is 

FIG. 11 shows another example of the address chang- blown out by a laser trimmer 32 (the step S7), so that the . 

ing circuit included in the address changing system. The semiconductor chip 30 is regarded as a sound chip (the 

address changing circuit 110 in FIG. 11 comprises two 30 step S3). If the number of defective bits does not be- 

input terminals 111 and 112 and two output terminals come equal to or less than one even by replacement of 

113 and 114. An N channel MOS transistor 115 is con- Ai and Aj, the semiconductor chip 30 is regarded as a 

nected between the input terminal 111 and the output defective chip (the step S9). 

terminal 113, while an N channel MOS transistor 116 is When three or more than three defective bits are 

connected between the input terminal 112 and the out- 35 detected within any of the ECC code words (the step 

put terminal 114. An N channel MOS transistor 117 is S8), the semiconductor chip 30 is regarded as a defec- 

connected between the input terminal 112 and the out- tive chip (the step S9). 

put terminal 113, while an N channel MOS transistor In this manner, the change of addresses can be inde- 
118 is connected between the input terminal 111 and the pendently carried out for each block in the memory cell 
output terminal 114. Meanwhile, a resistance 119 and a 40 array by very simple means. Consequently, the seeming 
linking device LI are coupled in series between the address position of the defective bit can be replaced,' 
supply potential Vcc and the ground potential. A node whereby the defective bit can be repaired. 
N3 of the resistance 119 and a linking device LI is con- Although description was given of a case in which . 
nected to the gates of the transistors 117 and 118 and is four bits of data are inputted or outputted in parallel in 
connected to the gates of the transistors 115 and 116 45 each block of the memory cell array in the above em- 
through an inverter 120. bodiment, the data comprising other bit numbers may 
In this address changing circuit 110, when the linking be inputted or outputted to and from each block. Al- 
device LI is not cut, the potential at the node N3 be- though a linking device which can be blown out by a 
comes "L" level. Consequently, the transistors 115 and laser beam or the like is employed for the address 
116 turn on while the transistors 117 and 118 turn off. 50 changing circuit in the address changing system in the 
As a result, the input terminal 111 and the output termi- above described embodiment, a programmable device 
nal 113 are connected to each other and the input termi- or an electrical switch such as EPROM, a resistor and 
nal 112 and the output terminal 114 are connected to so on may be employed instead of the linking device, 
each other. Therefore, an address signal applied to the In addition, although description was given of a case 
input terminal 111 is outputted from the output terminal 55 in which the error detection and correction are carried 
113 and an address signal applied to the input terminal out in accordance with SEC-DED code and the like in 
112 is outputted from the output terminal 114. Namely, order to simplify the description in the above embodi- 
the condition Ail= Ai and Ajl— Aj are satisfied. Mean- ment, the error detection and correction may be carried 
while, when the linking device LI is cut, the potential at but employing the DEC-TED code and the like, 
the node N3 becomes "H" leveL Consequently, the 60 As described above, according to the present inven- 
transistors 115 and 116 turn off and the transistors 117 don, the seeming address position of defective memory 
and 118 turn on. Therefore, the input terminal 111 and cells can be changed so that the number of the defective 
the output terminal 114 are connected to each other and memory cells existing in a plurality of memory cells 
the input terminal 112 and the output terminal 113 are which are simultaneously selected in response to an 
connected to each other. Therefore, an address signal 65 address signal does not exceed the number which can be 
applied to the input terminal 111 is outputted from the corrected by a prescribed error check and correction 
output terminal 114 and an address signal applied to the function. Therefore, the repairing- of the defective bits 
input terminal 112 is outputted from the output terminal which could not be repaired in the conventional way 
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becomes possible without providing an extra memory 
cell, whereby the production yield of the semiconduc- 
tor memory device is enhanced. 

According to the present invention, improved error 
detection and correction for semiconductor memory 5 
devices is provided. In addition, error detection and 
correction for semiconductor memory devices forming 
multiple block memory arrays is provided. Further- 
more, error detection and correction for semiconductor 
memories forming multiple block memory arrays on a 1° 
common chip is provided. Furthermore, a method of 
and system for automated, on-chip error detection for 
multiple block, single-chip semiconductor memory ar- 
rays and correction of errors are provided. Further- 
more, there are provided a method of and system for 15 
automated, on-chip error detection for multiple block, 
single-chip semiconductor memory arrays wherein an 
external source of energy is used to carry out error 
correction by melting particular fuses formed with the 
memory array on the same chip. 0 

Although the present invention has been described 
and illustrated in detail, it is clearly understood that the 
same is by way of illustration and example only and is 
not to be taken by way of limitation, the spirit and scope 
of the present invention being limited only by the terms 
of the appended claims. 

What is claimed is: 

1. A semiconductor memory device having integral 
error check and correction circuitry, comprising: 3Q 

a semiconductor chip, 

a plurality of memory cell array blocks each compris- 
ing a plurality of memory cells formed on said chip; 

a plurality of selecting means formed on said chip and 
corresponding with said plurality of memory cell 35 
array blocks for selecting any of said plurality of 
memory cells in said corresponding memory array 
block in response to an externally applied address 
signal, said memory cell array blocks being ar- 
ranged together to store data words, each data 40 
word comprising at least two of said memory cell 
array blocks; 

error check and .correction means formed on said 
chip j jor checking, and correcting errors included in 
information stored in a code word, said code word 45 
representing a plurality of said memory cell array 
blocks and including a data word region and a 

. check bit region together comprising a plurality of 
memory cells which are simultaneously selected by 
said plurality of selecting means, the number of said 50 
errors correctable by said error check and correc- 
tion means within a code word being less than a 
prescribed number, and 

a plurality of address signal changing means formed 
on said chip and corresponding with each of said 55 
plurality of memory cell array blocks, 

each of said address signal changing means including 
link means and being capable of being previously 
set by cutting any of said link means to change said 
externally applied address signal corresponding to 60 
an individual memory array block so that the num- 
ber of errors within a code word becomes less than 
said prescribed number. 

2. A semiconductor memory device according to 
claim 1, wherein 65 

each of said address signal changing means can be 
previously set to change said externally applied 
address signal to another address signal or outputs * 
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said address signal directly, dependent on either 
any of said link means being cut or not 

3. A semiconductor memory device according to 
claim 2, wherein said link means comprises a fusible link 
which can be blown out by a laser beam. 

4. A semiconductor memory device according to 
claim 1, wherein 

each of said address signal changing means com- 
prises: 

a plurality of input terminals each receiving an ad- 
dress signal; 

a plurality of output terrninals each provided in corre- 
spondence with each of said plurality of input ter- 
minals; and 

a plurality of address changing circuits each coupled 
between each of said plurality of input terminals 
and each of said plurality of output terminals; and 

each of said address changing circuits comprises: 

link means which can be previously cut; 

inverting means for inverting an address signal ap- 
plied to said corresponding input terminal; and 

selecting means which applies an address signal ap- 
plied to said corresponding input terminal to said 
corresponding output terminal or applies an ad- 
dress signal inverted by said inverting means to 
said corresponding output terminal dependent on 
either said link means being cut or not. 

5. A semiconductor memory device according to 
claim 1, wherein 

each of said address signal changing means com- 
prises: 

a first input terminal; 

a second input terminal; 

a first output terminal; 

a second output terminal; 

link means which can be previously cut; and 

a selecting circuit which applies an address signal 
applied to said first input terminal to said first out- 
put terminal and applies an address signal applied 
to said second input terminal to said second output 
terminal, or applies an address signal applied to said 
first input terminal to said second output terminal 
and applies an address signal applied to said second 
input terminal to said first output terminal, depen- 
dent on either said link means being cut or not. 

6. A semiconductor memory device according to 
claim 1, wherein 

each of said memory cell array blocks comprises: 
a plurality of word lines; 

a plurality of bit lines arranged so as to cross said 

word lines; and 
a plurality of memory cells each provided at each of 

the intersections of said plurality of word lines and 

said plurality of bit lines; and 
said selecting means comprises: 
a first decoder responsive to said address signal for 

selecting any of said plurality of word lines; and 
a second decoder responsive to said address signal for 

selecting any of said plurality of bit lines. 

7. A semiconductor memory device according to 
claim 1, wherein 

some of said plurality of memory cell array blocks are 
defmed to be memory cell array blocks for data; 

some of said plurality of memory cell array blocks are 
determined to be memory cell array blocks for 
check bits; and 

said error check and correction means comprises: 
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first check bit generating means for generating, when 
writing data in said memory cell array blocks for 
data, a check bit based on the data and applying the 
same to said memory cell array blocks for check 
bit; 

second check bit generating means for generating, 
when reading data from said memory cell array 
blocks for data, a check bit based on the data; 

error check means for checking, b ased on said check 
Kit stOTgj jfl ™~»QTy Cej] array flgclg for 

check bit and on said check bit generated by said, 

irannrt rimrir hit fff noting rqearia. an. error bit of 

said corresponding data: and. 
error correction means for correcting said error bit of 
the data in response to an output from said error 
check means. 
8. A system for automated, on-chip error detection 
for a semiconductor chip containing multiple block 
memory nrrfl Y« Mid CTnTr*^ tfrggf comprising; 
a semiconductor chip; 

a plurality of memory cell array blocks each compris- 
ing a plurality of memory cells formed on said chip; 

a plurality of selecting means formed on said chip and 
corresponding with said plurality of memory cell 25 
array blocks for selecting any of said plurality of 
memory cells in said corresponding memory array 
block in response to an externally applied address 
signal said memory cell array blocks being ar- 
ranged together to store data words, each data 
word comprising at least two of said memory cell 
array blocks; 

error check an d correction means formed on said 
chip for cnecking and correcting errors included in 
information stored in a code word, said code word 
representing a plurality of said memory cell array 
blocks and including a data word region and a 
check bit region together comprising a plurality of 
memory cells which are simultaneously selected by ^ 
said plurality of selecting means, the number of said 
errors correctable by said error check and correc- 
tion means within a code word being less than a 
prescribed number; C\ ) 

a plurality of address signal changing means formed 45 
on said chip and corresponding with each of said 
plurality of memory cell array blocks, said address 
signal changing means including meltable links; 


determining means for determining whether a num- 
ber of defective memory cells within a word is 
equal to or greater than said prescribed number; 
and 

means responsive to said determining m eans for gen- 
eraSng a control signal to control energy from an 
external energy source t o melt any of said links to 
change said externally applied address, signal corre- 
sponding to an individual memory array block. 
9. A method of automated, on-chip error detection 
and correction for a semiconductor memory device 
comprising a semiconductor chip; a plurality of mem- 
ory cell array blocks each comprising a plurality of 
memory cells formed on said chip; a plurality of select- 
ing means formed on said chip and corresponding with 
said plurality of memory cell array blocks for selecting 
any of said plurality of memory cells in said correspond- 
ing memory array block in response to an externally 
applied address signal, said memory cell array blocks 
20 being arranged together to store data words, each data 
word comprising at least two of said memory cell array 
blocks; 

error check and correction means formed on said 
chip for checking and correcting errors included in 
information stored in a code word, said code word 
representing a plurality of said memory cell array 
blocks and including a data word region and a 
check bit region together comprising a plurality of 
memory cells which are simultaneously selected by 
said plurality of selecting means, the number of said 
errors correctable by said error check and correc- 
tion means within a code word being less than a 
prescribed number, a plurality of address signal 
changing means formed on said chip and corre- 
sponding with each of said plurality of memory cell 
array blocks, said address signal changing means 
including meltable links; the method comprising 
the steps of 

deterrnining whether a number of defective memory 
cells within a word is equal to or greater than said 
prescribed number; and 
generating a control signal to control energy from an 
external energy source to melt any of said links to 
change said externally applied address signal corre- 
sponding to an individual memory array block so 
that the number of errors within a word becomes 

less than said prescribed number. 

* * * * * 
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